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(57) ABSTRACT

There has been a demand for a technique of expanding a
communicable range as much as possible without increasing
the time required for communication between an RF tag and
a communication device. A communication device includes:
a terminal electrically connected with an antenna; a trans-
mitter electrically connected with the terminal and config-
ured to generate a first radio signal superimposed with a
predetermined command signal and transmit the first radio
signal from the antenna; an amplifier electrically connected
with the terminal and configured to receive from the antenna
a second radio signal generated by an RF tag receiving the
first radio signal; a detector configured to detect intensity of
the signal having been amplified by the amplifier; and a
suppressor configured to suppress the intensity of the ampli-
fied signal to be inputted into the detector such that the
intensity does not exceed a predetermined upper limit.

19 Claims, 9 Drawing Sheets
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1
COMMUNICATION DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based on Japanese Patent Application
No. 2015-110278 filed with the Japan Patent Oflice on May
29, 2015, the entire contents of which are incorporated
herein by reference.

FIELD

The present invention relates to a communication device
having contactless communication with an RF (Radio Fre-

quency) tag.

BACKGROUND

The near field communication technology for contactless
data exchange has been used 1n a variety of fields. Typically,
the near field communication technology called Radio Fre-
quency IDentification (RFID) 1s 1n widespread use. As one
example, the RFID system 1s used in the Factory Automation
(FA) field, such as quality control mn a manufacturing
process. More specifically, an RF tag which stores data such
as 1dentification information 1s fitted to an article that 1s a
management target, or an object (pallet, container, and the
like) for supporting or accommeodating the article. Further, a
communication device (hereinafter also referred to as a
“reader-writer”) for exchanging data with the RF tag 1is
disposed 1n the vicimity of a channel 1n which the article or
the object fitted with the RF tag moves.

There are cases where an antenna of the reader-writer 1s
installed 1n a position distant from the RF tag that 1s the
communication target, and where the antenna 1s installed 1n
a position near the RF tag that 1s the communication target,
in accordance with facilities or a device for the installation.

In order to establish stable communication between the
reader-writer and the RF tag, an installation margin of the
reader-writer (a communicable distance to the RF tag (a
communicable area range)) 1s preferably as large as possible.
That 1s, 1t 1s preferable to install the antenna such that a
difference between the maximum data recervable distance
from the RF tab and the minimum data receirvable distance
from the RF tag 1s made as large as possible. The longer the
distance between the antenna and the RF tag, the smaller a
voltage of a reception signal (heremnafter referred from
“reception voltage™) from the RF tag. The shorter the
distance between the antenna and the RF tag, the larger the
reception voltage from the RF tag. When a voltage dynamic
range ol a circuit for restoring the reception signal from the
RF tag 1s narrow, the reception voltage 1s restricted to be
either excessively low or excessively high. In order to deal
with such a problem, a solution as described below has been
proposed.

For example, Unexamined Japanese Patent Publication
No. 2001-177435 discloses a contactless ID tag system. For
coping with the problem of being unable to accurately read
data due to a fixed amplification factor of a reception
amplifier, this contactless ID tag system can discriminate
and switch between a weak electric field and a strong electric
field, to accurately receive ID data with excellent reception
sensitivity.

Further, Unexamined Japanese Patent Publication No.
2013-062605 discloses a load modulation communication
control device capable of keeping a dead zone small. More
specifically, when confirming that bit determination has
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2

been failed despite the existence of an I-phase signal or a
Q-phase signal, a reception error monitoring unit determines
that a load modulation signal has been received but its
reception 1ntensity 1s excessively high. At this time, a
resister setting unit rewrites a resister to lower a gain of a
variable reception amplifier to lower amplitude of the load
modulation signal in reception signal determination. With
the reception amplifier gain 1n the low state, a communica-
tion re-execution unit re-executes the communication, to
establish load modulation communication.

SUMMARY

In each of the prior arts disclosed 1n Unexamined Japa-
nese Patent Publication No. 2001-177435 and Unexamined
Japanese Patent Publication No. 2013-062605 above, the
reception gain 1s previously adjusted so as to allow maxi-
mization of the communicable distance, and when reception
with the adjusted reception gain 1s failed, the reception gain
1s lowered and the communication 1s performed again, to
ensure the installation margin of the reader-writer. When the
method of the prior art as described above 1s employed, the
processing ol changing the reception gain and performing
the commumicating again, namely retry processing, 1s
required. This causes the problem of increasing the time
required for the communication.

On the basis of the background as described above, there
has been a demand for a technique of expanding the com-
municable range as much as possible without increasing the
time required for the communication between the RF tag and
the communication device.

A commumnication device according to one aspect of the
present 1nvention includes a terminal, a transmitter, an
amplifier, a detector, and a suppressor. The terminal is
clectrically connected with an antenna. The transmitter 1s
clectrically connected with the terminal, generates a first
radio signal superimposed with a predetermined command
signal and transmits the first radio signal from the antenna.
The amplifier 1s electrically connected with the terminal and
receives from the antenna a second radio signal generated by
an RF tag receiving the first radio signal to amplity the
second radio signal. The detector detects intensity of the
signal having been amplified by the amplifier. The suppres-
sor suppresses the intensity of the amplified signal to be
inputted into the detector such that the intensity does not
exceed a predetermined upper limat.

It 1s preferable that the suppressor extract an alternating
current (AC) component contained 1n the amplified signal
and set an upper limit and a lower limit of the amplitude.

It 1s further preterable that the suppressor include a pair of
diodes connected 1n different directions from each other.

It 1s further preferable that the suppressor include a first
bufler configured to amplity the signal before extracting the
AC component.

It 1s further preferable that, after setting the upper and
lower limits of the amplitude, the suppressor add a direct
current (DC) component to the signal and output the signal
to the detector.

It 1s further preferable that the suppressor include a
second bufler provided 1n an output stage to the detector.

It 1s further preferable that the suppressor include a circuit
configured to compensate a loss that occurs due to signal
SUppression.

According to the present embodiment, 1t 1s possible to
expand a communicable range without increasing the time
required for communication.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram showing a hardware
configuration of a reader-writer according to an embodiment
of the present invention;

FIGS. 2A and 2B are diagrams for explaining character-
istics of an RFID system:;

FIGS. 3A to 3C are diagrams for explaining processing,
for improving communication stability in the reader-writer
according to the embodiment of the present invention;

FIGS. 4A and 4B are schematic diagrams showing a
circuit configuration example 1 of a voltage suppression
circuit of the reader-writer according to the embodiment of
the present invention;

FIGS. 5A and 5B are schematic diagrams showing a
circuit configuration example 2 of the voltage suppression
circuit of the reader-writer according to the embodiment of
the present mnvention;

FIGS. 6A and 6B are schematic diagrams showing a
circuit configuration example 3 of the voltage suppression
circuit of the reader-writer according to the embodiment of
the present mnvention;

FIGS. 7A and 7B are schematic diagrams showing a
circuit configuration example 4 of the voltage suppression
circuit of the reader-writer according to the embodiment of
the present invention;

FIGS. 8A and 8B are schematic diagrams showing a
circuit configuration example 5 of the voltage suppression
circuit of the reader-writer according to the embodiment of
the present invention; and

FI1G. 9 1s a diagram showing one example of a verification
result of communication stability in the reader-writer

according to the embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

An embodiment of the present invention 1s described 1n
detail with reference to the drawings. It 1s to be noted that
the same or corresponding portion in one figure as or to a
portion 1n another 1s provided with the same numeral as that
of the portion 1n another, and a description of the portion 1s
not repeated.

Hereinafter, as a typical example of a system including a
communication device for performing the near field com-
munication, the RFID system 1s described. The communi-
cation device 1s often called a “reader-writer” 1n the typical
RFID system as attention i1s focused on its function. Hence,
also 1n the following description, the commumnication device
1s called the “reader-writer.” However, 1t 1s not essential for
the communication device to include both the function of
reading data from an RF tag (a reader function) and the
function of writing data into the RF tag (a writer function).
The communication device may include only one of those
functions.

While the RF tag may be called an IC (Integrated Circuit)
tag or an RFID tag, the term “RF tag” 1s used hereinatfter for
convenience ol description.

The RFID 1s described as a typical example of the near
field communication, but this 1s not restrictive. For example,
a new method obtained by making improvement on the basis
of the RFID technique in the future can be included 1n the
technical scope of the present mnvention.

A. Configuration of Reader-Writer

First, a description 1s given of a configuration of a
reader-writer 1 according to the present embodiment. FI1G. 1
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4

1s a schematic diagram showing a hardware configuration of
the reader-writer 1 according to the embodiment of the
present 1nvention.

With reference to FIG. 1, the reader-writer 1 includes as
main components a processor 10, an RF module 20 includ-
ing an A/D (Analog to Digital) conversion circuit 22, a
transmission driver circuit 30, a reception amplifier 40, a
voltage suppression circuit 50, and a gain switching circuit

60.

The RF module 20 and the transmission driver circuit 30
generate an electromagnetic wave to be radiated to the RF
tag. The reception amplifier 40, the voltage suppression
circuit 50, and the A/D conversion circuit 22 of the RF
module 20 receive and decode the electromagnetic wave
responded by the RF tag.

FIG. 1 shows a configuration where an antenna 70 1s
clectrically connected to a terminal 32 as a component of the
reader-writer 1. However, the antenna 70 may be taken as a
separate component from the reader-writer 1. In this case, a
lead 1s provided from the terminal 32 of the reader-writer 1
to a position where the antenna 70 1s to be installed. Further,
the number of antennas 70 and the shape thereof may be
designed as appropriate 1n accordance with an installation
environment or condition, or the like, 1n facilities or a device
for the installation.

A resonance capacitor 42 1s electrically connected
between a ground potential (GND) and the terminal 32
clectrically connected with the antenna 70. The resonance
capacitor 42 matches output impedance of the transmission
driver circuit 30 with the antenna 70. A capacitance of the
resonance capacitor 42 1s designed as appropriate i accor-
dance with aimed transmission characteristics (transmission
clectric power, frequency characteristics, and the like).

The processor 10 1s a calculation processing unit for
controlling a variety of processing in the reader-writer 1. The
processor 10 typically executes a program, not shown, to
achieve processing required in the reader-writer 1. It 1s to be
noted that all or some of functions of the processor 10 may
be achieved by using hardware such as an Application
Specific Integrated Circuit (ASIC). The processor 10 may

have a communication interface, not shown, and be able to
exchange data with higher-order equipment.

The RF module 20 processes an electromagnetic wave
(RF signal) exchanged between the reader-writer 1 and the
RF tag. Specifically, upon reception of an internal command
from the processor 10, the RF module 20 superimposes a
prescribed bit number of a command signal corresponding to
the internal command on a reference wave from an oscilla-
tion circuit, not shown, to generate a high-frequency pulse
(heremaftter also referred to as “carrier signal”) as a base of
a carrier wave.

The transmission driver circuit 30 amplifies the carrier
signal generated 1n the RF module 20, and supplies the
amplified signal to the antenna 70 via the terminal 32. That
1s, the transmission driver circuit 30 1s electrically connected
with the terminal 32, generates an electromagnetic wave
(first radio signal) superimposed with a predetermined com-
mand signal, and transmits the generated signal from the
antenna 70. Then, an electromagnetic wave 1s transmitted
from the antenna 70.

The frequency of the electromagnetic wave radiated to the
RF tag is set as appropriate 1n accordance with a reachable
distance, or the like. For example, 1n accordance with a
frequency specified 1 the ISO/IEC (International Organi-
zation for Standardization/International Electrotechnical




US 10,027,379 B2

S

Commission) standard, an electromagnetic wave with a
band of 134.2 kHz, 530 kHz, 13.56 MHz, 920 MHz, or the

like can be employed.

When the electromagnetic wave transmitted from the
antenna 70 1s mcident on the RF tag, not shown, imnduced
clectromotive force 1s generated in the RF tag by the
received electromagnetic wave, and a control circuit on the
inside 1s activated by the induced electromotive force. The
control circuit on the iside of the RF tag decodes the
command signal superimposed on the carrier signal and
executes processing in accordance with the command
acquired by the decoding. The control circuit then generates
a response signal containing the processing result, to even-
tually respond to the reader-writer 1.

The antenna 70 receives the response signal from the RF
tag and 1nputs 1t 1nto the reception amplifier 40. The recep-
tion amplifier 40 amplifies the response signal by a prede-
termined reception gain, and gives the amplified response
signal to the voltage suppression circuit 50. That 1s, the
reception amplifier 40 1s electrically connected with the
terminal 32, and receives from the antenna 70 the response
signal (second radio signal) generated by the RF tag after
reception of the electromagnetic wave (first radio signal)
superimposed with the command signal. The reception
amplifier 40 then amplifies the response signal.

The A/D conversion circuit 22 of the RF module 20
detects the mtensity (typically a signal voltage) of the signal
having been amplified by the reception amplifier 40. That 1s,
the A/D conversion circuit 22 quantizes the response signal
(analog signal) from the voltage suppression circuit 50 to
generate a digital signal. The RF module 20 decodes the
generated digital signal, generates a result of reception from
the RF tag, and outputs the generated reception result to the
processor 10.

The voltage suppression circuit 50 suppresses the nten-
sity of the signal so as not to exceed a predetermined upper
limit, the signal having been amplified by the reception
amplifier 40 and being inputted into the A/D conversion
circuit 22. A detail of the voltage suppression circuit S0 1s
described later. The response signal with the intensity having
been suppressed in the voltage suppression circuit 50 1s
given to the RF module 20.

Upon reception of an internal command from the proces-
sor 10, the gain switching circuit 60 changes the reception
gain for regulating the amplification degree in the reception
amplifier 40. The reception amplifier 40 1s typically able to
switch the gain on two stages (a short distance mode and a
long distance mode).

The contactless communication with the RF tag can be
established by the operation of each component as thus

described.

B. Improvement in Communication Stability

Next, a description 1s given of an outline of a technique
for improving the communication stability in the reader-
writer 1 of the present embodiment.

FIGS. 2A and 2B are diagrams for explaining character-
istics of an RFID system. FIG. 2A shows a general configu-
ration of a radio system, and FIG. 2B shows a configuration
of the RFID system.

With reference to FIG. 2A, when radios communicate
with each other, each of the radios has the function of
generating a radio signal. Considering signal exchange
where one radio transmits some signal to the other radio and
receives a response signal from the other radio, the signal
intensity of the response signal can be adjusted as appro-
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6

priate 1n the other radio. Since such active exchange of a
radio signal 1s possible, the signal intensity can be relatively
casily adjusted in accordance with a distance between the
radios.

In contrast, in the RFID system as shown 1in FIG. 2B, the
reader-writer and the RF tag are 1n passive communication,
and the signal intensity of the response signal from the RF
tag thus cannot be controlled 1n the RF tag. That 1s, the signal
intensity of the response signal from the RF tag 1s previously

decided 1n accordance with the signal intensity of an inquiry
signal transmitted from the reader-writer and the distance
between the reader-writer and the RF tag.

When the signal intensity of the inquiry signal from the
reader-writer 1s 1ncreased so that the reader-writer commu-
nicates with the RF tag located distant from the reader-
writer, 1n the case of the RF tag being near the reader-writer,
the signal intensity of the response signal from the RF tag to
the reader-writer becomes excessively high to make 1t

impossible to appropriately execute the reception processing
and the decoding processing. On the other hand, without the
increase 1n signal itensity of the inquiry signal, a commu-
nicable distance of the reader-writer to the RF tag (commu-
nicable area range) i1s short (narrow). The reader-writer
according to the present embodiment 1s aimed at expanding
the communicable area as much as possible 1n such a
trade-ofl relation as described above.

FIGS. 3A to 3C are diagrams for explaining the process-
ing for improving the communication stability in the reader-
writer 1 according to the embodiment of the present inven-
tion. FIG. 3A shows a characteristic 102 of the distance
between the reader-writer 1 and the RF tag and the voltage
of the reception signal (reception voltage) outputted from
the reception amplifier 40 (FIG. 1) mn a case where the
reception gain of the reception amplifier 40 1s set on the low
side (short distance mode). FIG. 3B shows a characteristic
104 of the distance between the reader-writer 1 and the RF
tag and the voltage of the reception signal (reception volt-
age) outputted from the reception amplifier 40 (FIG. 1) 1n a
case where the reception gain of the reception amplifier 40
1s set on the high side (long distance mode).

The amplified reception signal outputted from the recep-
tion amplifier 40 1s inputted 1nto the A/D conversion circuit
22 of the RF module 20. The range of the reception voltage
in which the A/D conversion circuit 22 can output the digital
signal without saturation i1s shown as a demodulation pos-
sible dynamic range.

As shown 1 FIG. 3A, 1n the case of the reception gain
being set on the low side, amplification quantity of the
reception signal 1s relatively small. Therefore, when the
distance from the reader-writer 1 to the RF tag exceeds a
certain level and becomes long, the signal intensity of the
response signal from the RF tag falls below the demodula-
tion possible dynamic range (a “communication NG range
in FIG. 3A). As a result, 1t 1s not possible to perform
appropriate demodulation (A/D conversion) 1n the A/D
conversion circuit 22.

On the other hand, as shown 1n FIG. 3B, 1n the case of the
reception gain being set on the high side, the amplification
quantity of the reception signal 1s relatively large. Therefore,
when the distance from the reader-writer 1 to the RF tag
exceeds a certain level and becomes short, the signal inten-
sity ol the response signal from the RF tag exceeds the
demodulation possible dynamic range (a “communication
NG” range 1n FIG. 3B). Also 1n this case, it 1s not possible
to perform appropriate demodulation (A/D conversion) in
the A/D conversion circuit 22.
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FIG. 3C 1s a diagram showing a result of mput of the
reception signal outputted from the reception amplifier 40
into the voltage suppression circuit 50 (FIG. 1), and output
of the inputted reception signal, in the reader-writer 1
according to the present embodiment. In this case, basically,
the reception gain 1s set on the high side, and the response
signal from the RF tag generates a characteristic 106 similar
to the characteristic 104 of FIG. 3B 1n accordance with the
distance between the reader-writer 1 and the RF tag. At this
time, the voltage suppression circuit 30 suppresses the
reception voltage of a range 108 (a range corresponding to
the “communication NG” in FIG. 3B) where the signal
intensity of the response signal from the RF tag exceeds the
demodulation possible dynamic range. In other words, the
voltage suppression circuit 50 suppresses the signal intensity
of the response signal from the RF tag so as not to exceed
the demodulation possible dynamic range. Performing such
voltage suppression can expand the range in which the
response signal from the RF tag can be appropnately
received (the communicable area).

In addition, since a loss occurs to a certain degree 1n the
voltage suppression circuit 50, there 1s generated a charac-
teristic 110 where the voltage 1s outputted from the suppres-
sion circuit 50, the voltage having decreased to a certain
degree with respect to the characteristic 106 where the
voltage 1s outputted from the reception amplifier 40. As a
result, when the distance between the reader-writer 1 and the
RF tag 1s long, a range 112 below the demodulation possible
dynamic range could be generated. In such a case, loss
correction for compensating the voltage drop may be per-
formed. However, the loss correction function 1s not an
essential configuration, but 1s a function to be employed as

appropriate.

C. Circuit Configuration of Commumnication Device

Hereinaiter, there are described several configuration
examples of the voltage suppression circuit S0 for achieving
the voltage suppression function. There are also described
configuration examples for achieving the loss correction
function 1 addition to the voltage suppression function.

cl: Circuit Configuration Example 1

FIGS. 4A and 4B are schematic diagrams showing a
circuit configuration example 1 of the voltage suppression
circuit of the reader-writer 1 according to the embodiment of
the present invention. With reference to FIG. 4A, a voltage
suppression circuit 50A as the circuit configuration example
1 includes an input butler 51A, an AC (Alternating Current)
coupling 52A, a voltage suppressor 53A, a bias unit 54 A,
and an output bufler 55A.

The voltage suppression circuit S0A extracts an AC
component contained 1n the signal having been amplified by
the reception amplifier 40 and sets an upper limit and a lower
limit of the amplitude. In the voltage suppression circuit
50A, the reception signal outputted from the reception
amplifier 40 1s applied with a DC component 1n a pre-stage
of the output bufler 55A, and subjected to non-inverting
amplification in the output bufler 55A.

The 1nput bufler S1A amplifies the reception signal out-
putted from the reception amplifier 40. The mput buller S1A
amplifies a signal before extracting the AC component.
More specifically, the input bufler S1A 1ncludes a transistor
501 and a resistor 502 connected in series between a power
supply voltage Vd and a ground potential GND. A collector
of the transistor 501 1s electrically connected with the power
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supply voltage Vd, and an emitter thereot 1s electrically
connected with the ground potential GND. A current 1n
accordance with a reception signal inputted from the recep-
tion amplifier 40 mto a base of the transistor 501 flows
between the collector and the emitter of the transistor 501.
At a node 503, there 1s generated a voltage signal in
accordance with the current flowing between the collector
and the emitter of the transistor 501 and a resistance value
of the resistor 502. This voltage signal 1s mputted into the
AC coupling 52A.

The AC coupling 52A removes the DC component from
the reception signal having been amplified 1n the input bufler
51A. That 1s, the AC coupling 52A extracts the AC compo-
nent contained in the amplified signal inputted from the
reception amplifier 40. The AC coupling 52A 1includes a
capacitor 504 and a resistor 505 connected 1n series, and
functions as a high-pass filter. That 1s, a voltage signal
mainly containing the AC component alone 1s generated in
a line 508.

The voltage suppressor 33 A suppresses a portion exceed-
ing the predetermined upper limit in the voltage signal
which mainly contains the AC component alone and 1s
outputted from the AC coupling 32A. More specifically, the
voltage suppressor 53A includes a pair of diodes 506, 507
connected 1n different directions from each other, between
the line 508 and the ground potential GND. When the
magnitude of the positive side of the voltage signal gener-
ated 1n the line 508 exceeds an absolute value of a forward
voltage of the diode 506, the diode 506 comes mnto a
conduction state, to suppress the positive-side voltage value
in the line 508 to the magnitude of the forward voltage of the
diode 506. When the magnitude of the negative side of the
voltage signal generated in the line 508 exceeds an absolute
value of a forward voltage of the diode 507, the diode 507
comes mto a conduction state, to suppress the negative-side
voltage value 1n the line 508 to the magnitude of the forward
voltage of the diode 507. That 1s, the voltage suppressor 33A
1s a clip circuit 1n a positive direction and a negative
direction. As for the diodes 3506, 507, for example, a
Schottky diode with excellent reverse recovery characteris-
tics, or the like, may be used.

The line 508 1s electrically connected to the bias unit 54 A
via a capacitor 509.

The capacitor 509 removes the DC component of the
voltage signal generated 1n the line 508.

The bias unit 54 A applies a DC component as an offset to
the voltage signal outputted from the voltage suppressor
53A. That 1s, after extraction of the AC component con-
tained 1n the signal having been amplified by the reception
amplifier 40 and setting of the upper and lower limits of the
amplitude, the bias unit 54A adds the DC component to the
signal and outputs the signal to the A/D conversion circuit 22
of the RF module 20. More specifically, the bias unit 54 A
includes a resistor 510 and a resistor 511 connected 1n series
between a power supply voltage Vd and a ground potential
GND. The DC component 1n accordance with a ratio of
resistance values of the resistor 510 and the resistor 511 1s
applied to the voltage signal inputted into the bias unit 54 A.

The output bufler 55A 1s a single power supply amplifier
provided 1n an output stage to the A/D conversion circuit 22
of the RF module 20. The output buller 35A prevents
impedance of the A/D conversion circuit 22 from aflecting
the circuit operation of each of the AC coupling 52A, the
voltage suppressor 33A, and the bias unit 54A. More spe-
cifically, the output butler 35A includes an operation ampli-
fier 512. An output of the operation amplifier 512 1s fed back
as 1t 1s to the negative side of the input (negative feedback).
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Accordingly, a voltage signal given to the positive side of
the mput of the operation amplifier 512 1s subjected to the
non-inverting amplification.

Eventually, the output of the output buller S5A (operation
amplifier 512) 1s inputted into the A/D conversion circuit 22.

The circuit operation as described above suppresses the
voltage magnitude such that the signal intensity of the
response signal from the RF tag 1s held within the demodu-
lation possible dynamic range as shown in FIG. 3. The
suppression characteristics of the reception voltage mputted
into the A/D conversion circuit 22 depend on the magnitude
of the forward voltage in the diodes 506, 507 of the voltage
suppressor 33A. For this reason, the diodes 506, 507 having
appropriate forward voltage characteristics are selected 1n
accordance with the dynamic range of the A/D conversion
circuit 22, the reception gain of the reception amplifier 40,

the transmission gain of the transmission driver circuit 30,
and the like.

Next, FIG. 4B shows a circuit configuration of a voltage
suppression circuit 50A# added with the loss correction
tfunction. With reference to FIG. 4B, the voltage suppression
circuit 50A# 1s provided with a loss correction unit 56 A 1n
the output stage of the voltage suppression circuit S0A
shown 1n FIG. 4A. The circuit configuration other than the
loss correction unit 56A 1s similar to that of the voltage
suppression circuit 50, and hence a detailed description
thereot 1s not repeated.

The loss correction unit 56A 1s a circuit provided 1n the
output stage of the voltage suppression circuit S0A and
configured to compensate a loss that occurs due to the signal
suppression. The loss correction unit 56 A amplifies a voltage
signal outputted from the output buller 55A.

More specifically, the loss correction umt 56 A includes
the transistor 514. A collector of the transistor 514 1s
clectrically connected with the power supply voltage Vd via
the resistor 515, and an emitter thereot 1s electrically con-
nected with the ground potential GND wvia the resistor 516
and capacitors 517, 518 which are connected 1n parallel to
cach other. A current 1n accordance with a voltage signal
inputted from the operation amplifier 512 into a base of the
transistor 514 flows between a collector and an emaitter of a
transistor 314. At a node 520, there 1s generated a voltage
signal 1n accordance with the current flowing between the
collector and the emitter of the transistor 514 and a resis-
tance value of the resistor 515. This voltage signal 1s
inputted into the A/D conversion circuit 22. The resistance
value of the resistor 515 1s decided 1 accordance with the
maximum value of the current permitted to tlow between the
collector and the emitter of the transistor 514. The resistance
value of the resistor 516 1s decided so as to stabilize the
amplification operation of the transistor 514. A capacitance
(synthesized capacitance) of the capacitors 517, 518 1s
decided such that every AC component contained in the
current tlowing between the collector and the emitter of the
transistor 514 has sufliciently low impedance. It 1s to be
noted that FIG. 4B shows the example where two capacitors
are connected 1n parallel so as to ensure a required capaci-
tance, but a single capacitor or a larger number of capacitors
may be used.

Providing the loss correction unit 56 A as thus described in
the output stage can compensate a loss (decrease 1n signal-
to-noise ratio) that occurs due to mounting of the function to
suppress a voltage. Therefore, even when the RF tag 1s
disposed 1n a position distant from the reader-writer 1, stable
communication can be established between the reader-writer

1 and the RF tag.
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c2: Circuit Configuration Example 2

FIGS. 5A and 5B are schematic diagrams showing a
circuit configuration example 2 of the voltage suppression
circuit of the reader-writer 1 according to the embodiment of
the present invention. With reference to FIG. 5A, a voltage
suppression circuit 530B as the circuit configuration example
2 1ncludes an mput bufler 51A, an AC coupling 32A, a
voltage suppressor 33B, a bias unit 34B, and an output butler
55B.

The voltage suppression circuit 50B extracts an AC
component contained 1n the signal having been amplified by
the reception amplifier 40 and sets an upper limit and a lower
limit of the amplitude. In the voltage suppression circuit
50B, the reception signal outputted from the reception
amplifier 40 1s applied with a DC component 1n a pre-stage
of the output bufler 55B, and subjected to mverting ampli-
fication 1n the output buller 55B.

Since the input bufler 51A and the AC coupling 32A
respectively have the same circuit configurations as those of
the input bufler 51 A and the AC coupling 52 A shown 1 FIG.
4A, detailed descriptions of those are not repeated.

The voltage suppressor 33B suppresses a portion exceed-
ing the predetermined upper limit in the voltage signal
which mainly contains the AC component alone and 1s
outputted from the AC coupling S2A. More specifically, the
voltage suppressor 53B icludes an operation amplifier 521.
Between an output of the operation amplifier 521 and the
negative side of an input of the operation amplifier 521, a
resistor 522 and a pair of diodes 524, 525 are connected in
parallel to each other. The diode 524 and the diode 525 are
connected 1n different directions from each other.

When a ground potential (GND) 1s given to the positive
side of the mput of the operation amplifier 521, the operation
amplifier 521 performs the inverting amplification on the
voltage signal given to the negative side of the input, with
an amplification factor 1 accordance with a ratio of the
resistance value of the resistor 522 with respect to the
resistance value of the resistor 5035 located 1n the pre-stage.
Then, the operation amplifier 521 outputs the voltage signal.
When the current which 1s fed back to the negative side of
the input of the operation amplifier 521 becomes excessively
large and a voltage generated at each end of the resistor 522
exceeds the forward voltage of the diode 524 or the diode
525, the diode with the exceeded forward voltage comes into
the conduction state. When one of the diodes 524, 525
comes 1nto the conduction state, a resistance value (imped-
ance) between the output of the operation amplifier 521 and
the negative side of the mput of the operation amplifier 521
significantly decreases. This leads to a signmificant decrease
in amplification factor of the operation amplifier 521.

That 1s, when the voltage signal given to the positive side
of the mput of the operation amplifier 521 1s excessively
large, one of the diodes 524, 525 comes into the conduction
state, thereby suppressing further amplification in the opera-
tion amplifier 521. As a result, the voltage value of the
output of the operation amplifier 521 1s suppressed.

The output bufler 55B 1s a single power supply amplifier
provided 1n an output stage to the A/D conversion circuit 22
of the RF module 20. The output bufler 55B prevents
impedance of the A/D conversion circuit 22 from aflecting
the circuit operation of each of the AC coupling 52 A and the
voltage suppressor 533B. More specifically, the output bufler
55B includes an operation amplifier 528 and resistors 523,
529. When a ground potential (GND) 1s given to the positive
side of the mput of the operation amplifier 528, the operation
amplifier 528 performs the inverting amplification on the
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voltage signal given to the negative side of the mput, with
an amplification factor 1 accordance with a ratio of the

resistance value of the resistor 529 with respect to the
resistance value of the resistor 523 located 1n the pre-stage.
Then, the operation amplifier 528 outputs the voltage signal.

Since the mverting amplification 1s performed in each of
the voltage suppressor 53B and the output bufler 55B, a
signal of the same phase as that of the reception signal
outputted from the reception amplifier 40 1s outputted from
the output butler 55B (operation amplifier 528).

The bias unit 54B adds the DC component (oilset)
removed in the AC coupling 52A. That 1s, after extraction of
the AC component contained in the signal having been
amplified by the reception amplifier 40 and setting of the
upper and lower limits of the amplitude, the bias unit 54B
adds the DC component to the signal and outputs the signal
to the A/D conversion circuit 22 of the RF module 20. More
specifically, the bias unit 54B includes a resistor 526 and a
resistor 527 connected 1n series between a power supply
voltage Vd and a ground potential GND. The bias unit 548
generates a DC voltage i accordance with a ratio of
resistance values of the resistor 526 and the resistor 527, and
inputs the DC voltage into the positive side of the input of
cach of the operation amplifiers 521, 528. In each of the
operation amplifiers 521, 528, the DC component from the
bias unit 54B 1s added as an offset to the mputted voltage
signal, and the inverting amplification 1s then performed. By
the addition of the offset and the inverting amplification as
thus described, the voltage signal containing a prescribed
bias voltage 1s outputted to the A/D conversion circuit 22.

The circuit operation as described above suppresses the
voltage magnitude such that the signal intensity of the
response signal from the RF tag 1s held within the demodu-
lation possible dynamic range as shown in FIG. 3. The
suppression characteristics of the reception voltage mputted
into the A/D conversion circuit 22 depend on the magnitude
of the forward voltage 1n the diodes 524, 525 connected to
the operation amplifier 521 of the voltage suppressor 53B.
For this reason, the diodes 524, 525 having appropriate
forward voltage characteristics are selected 1n accordance
with the dynamic range of the A/D conversion circuit 22, the
reception gain of the reception amplifier 40, the transmission
gain of the transmission driver circuit 30, and the like.

FIG. 5B shows a circuit configuration of a voltage sup-
pression circuit 50B# added with the loss correction func-
tion. With reference to FIG. 3B, the voltage suppression
circuit 50B# 1s provided with a loss correction unit 56 A 1n
the output stage of the voltage suppression circuit 50B
shown 1 FIG. 5A. Since the circuit configuration and the
circuit operation of the loss correction unit 56 A have been
described 1n detail with reference to FIG. 4B, detailed
descriptions thereol are not repeated.

Providing the loss correction unit 56 A as thus described in
the output stage can compensate a loss (decrease 1n signal-
to-noise ratio) that occurs due to mounting of the function to
suppress a voltage. Therefore, even when the RF tag 1s
disposed 1n a position distant from the reader-writer 1, stable

communication can be established between the reader-writer
1 and the RF tag.

c3: Circuit Configuration Example 3

FIGS. 6A and 6B are schematic diagrams showing a
circuit configuration example 3 of the voltage suppression
circuit of the reader-writer 1 according to the embodiment of
the present invention. With reference to FIG. 6A, a voltage
suppression circuit 50C as the circuit configuration example

5

10

15

20

25

30

35

40

45

50

55

60

65

12

3 includes an input bufler 51A, an AC coupling 52A, a
voltage suppressor 53A, a bias umit 54A, and an output
buffer 55C.

The wvoltage suppression circuit 50C extracts an AC
component contained 1n the signal having been amplified by
the reception amplifier 40 and sets an upper limit and a lower
limit of the amplitude. In the voltage suppression circuit
50C, the reception signal outputted from the reception
amplifier 40 1s applied with a DC component 1n a post-stage
of the output builer 55C, and subjected to the non-inverting
amplification in the output bufler 55C.

Since the mput bufler 51A, the AC coupling 52A, the
voltage suppressor 533 A, and the bias unit 54 A respectively
have the same circuit configurations as those of the mput
bufler 51A, the AC coupling 52A, the voltage suppressor
53A, and the bias unit 54A shown i1n FIG. 4A, detailed
descriptions of those are not repeated.

The output bufler 55C 1s a dual power supply amplifier
provided 1n an output stage to the A/D conversion circuit 22
of the RF module 20. The output bufler 35C prevents
impedance of the A/D conversion circuit 22 from aflecting
the circuit operation of each of the AC coupling 52A and the
voltage suppressor 533A. More specifically, the output bufler
55C includes an operation amplifier 542 that 1s supplied with
both a power supply voltage +Vd on the positive side and a
power supply voltage —Vd on the negative side. An output
of the operation amplifier 542 1s fed back as 1t i1s to the
negative side of the mput (negative feedback). Accordingly,
a voltage signal given to the positive side of the input of the
operation amplifier 542 1s subjected to the non-inverting
amplification.

Eventually, the output of the operation amplifier 542 1s
inputted mnto the bias unit 34 A via the capacitor 543. The
capacitor 543 removes the DC component contained 1n the
output signal of the operation amplifier 542.

The circuit operation as described above suppresses the
voltage magnitude such that the signal intensity of the
response signal from the RF tag 1s held within the demodu-
lation possible dynamic range as shown in FIG. 3. The
suppression characteristics of the reception voltage mputted
into the A/D conversion circuit 22 depend on the magnitude
of the forward voltage in the diodes 506, 507 of the voltage
suppressor 33A. For this reason, the diodes 506, 507 having
appropriate forward voltage characteristics are selected 1n
accordance with the dynamic range of the A/D conversion
circuit 22, the reception gain of the reception amplifier 40,
the transmission gain of the transmission driver circuit 30,
and the like.

Further, 1n the voltage suppression circuit 50C shown 1n
FIG. 6 A, the operation amplifier 342 1s driven by the power
supply voltages on the positive side and the negative side,
thus enabling a further increase in amplification factor.
Hence it 1s possible to reduce the loss that occurs 1n the
voltage suppression circuit S0C.

FIG. 6B shows a circuit configuration of a voltage sup-
pression circuit SO0C# added with the loss correction func-
tion. With reference to FIG. 6B, the voltage suppression
circuit SO0C# 1s provided with a loss correction unit 56 A 1n
the output stage of the voltage suppression circuit 50C
shown 1n FIG. 6A. Since the circuit configuration and the
circuit operation of the loss correction unit 56 A have been
described 1n detail with reference to FIG. 4B, detailed
descriptions thereol are not repeated.

Providing the loss correction unit 56 A as thus described 1n
the output stage can compensate a loss (decrease 1n signal-
to-noise ratio) that occurs due to mounting of the function to
suppress a voltage. Therefore, even when the RF tag 1s
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disposed 1n a position distant from the reader-writer 1, stable
communication can be established between the reader-writer

1 and the RF tag.

c4: Circuit Configuration Example 4

FIGS. 7A and 7B are schematic diagrams showing a
circuit configuration example 4 of the voltage suppression
circuit of the reader-writer 1 according to the embodiment of
the present invention. With reference to FIG. 7A, a voltage
suppression circuit 30D as the circuit configuration example
4 includes an AC coupling 52A, a voltage suppressor 53 A,
a bias unit 54 A, and an output builer 55D.

The voltage suppression circuit 50D extracts an AC
component contained 1n the signal having been amplified by
the reception amplifier 40 and sets an upper limit and a lower
limit of the amplitude. In the voltage suppression circuit
50D, the reception signal outputted from the reception
amplifier 40 1s applied with a DC component 1n a pre-stage
of the output butler 55D, and subjected to the non-inverting
amplification 1n the output bufler 55D. It 1s to be noted that
in the voltage suppression circuit 50D, an mnput builer for
amplifying the reception signal outputted from the reception
amplifier 40 1s omuitted.

Since the AC coupling 52A, the voltage suppressor 53 A,
and the bias unit S4A respectively have the same circuit
configurations as those of the AC coupling 52A, the voltage
suppressor 53A, and the bias unit 54 A shown 1n FIG. 4A,
detailed descriptions of those are not repeated.

The output bufler 35D 1s an amplifier using a transistor
with 1ts emitter grounded, and provided 1n an output stage to
the A/D conversion circuit 22 of the RF module 20. The
output butler 55D prevents impedance of the A/D conver-
s1on circuit 22 from affecting the circuit operation of each of
the AC coupling 52A, the voltage suppressor 53 A, and the
bias unit 54A. More specifically, the output bufler 35D
includes a transistor 531 and a resistor 532 connected 1n
series between a power supply voltage Vd and a ground
potential GND. A collector of the transistor 531 1s electri-
cally connected with the power supply voltage Vd, and an
emitter thereof 1s electrically connected with the ground
potential GND. A current in accordance with a reception
signal inputted from the reception amplifier 40 into a base of
the transistor 531 tlows between the collector and the emaitter
of the transistor 531. At a node 533, there 1s generated a
voltage signal in accordance with the current flowing
between the collector and the emitter of the transistor 531
and a resistance value of the resistor 532. This voltage signal
1s outputted to the A/D conversion circuit 22.

The circuit operation as described above suppresses the
voltage magnitude such that the signal intensity of the
response signal from the RF tag 1s held within the demodu-
lation possible dynamic range as shown in FIG. 3. The
suppression characteristics of the reception voltage mputted
into the A/D conversion circuit 22 depend on the magnitude
of the forward voltage in the diodes 506, 507 of the voltage
suppressor 53 A. For this reason, the diodes 506, 507 having
appropriate forward voltage characteristics are selected 1n
accordance with the dynamic range of the A/D conversion
circuit 22, the reception gain of the reception amplifier 40,
the transmission gain of the transmission driver circuit 30,
and the like.

Further, employing the voltage suppression circuit 30D
shown 1n FIG. 7A can make the circuit configuration sim-
pler, thereby reducing the manufacturing cost.

Next, FIG. 7B shows a circuit configuration of a voltage
suppression circuit 50D# added with the loss correction
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function. With reference to FIG. 7B, the voltage suppression
circuit 50D# 1s provided with a loss correction unit S6 A 1n

the output stage of the voltage suppression circuit 30D
shown 1 FIG. 7A. Since the circuit configuration and the
circuit operation of the loss correction unit 56 A have been
described in detail with reference to FIG. 4B, detailed
descriptions thereol are not repeated.

Providing the loss correction unit 56 A as thus described 1n
the output stage can compensate a loss (decrease 1n signal-
to-noise ratio) that occurs due to mounting of the function to
suppress a voltage. Therefore, even when the RF tag 1s
disposed 1n a position distant from the reader-writer 1, stable

communication can be established between the reader-writer
1 and the RF tag.

¢S: Circuit Configuration Example 5

FIGS. 8A and 8B are schematic diagrams showing a
circuit configuration example 5 of the voltage suppression
circuit of the reader-writer 1 according to the embodiment of
the present invention. With reference to FIG. 8A, a voltage
suppression circuit 50E as the circuit configuration example
S mcludes an AC coupling 52A, a voltage suppressor 33A,
a bias unit 34A, and an output bufler 53D.

The voltage suppression circuit S0E extracts an AC com-
ponent contained in the signal having been amplified by the
reception amplifier 40 and sets an upper limit and a lower
limit of the amplitude. In the voltage suppression circuit
50E, the reception signal outputted from the reception
amplifier 40 1s applied with a DC component 1n a post-stage
of the output butler 55D, and subjected to the non-inverting
amplification in the output butler 55D. It 1s to be noted that
in the voltage suppression circuit 50E, an input builer for
amplifying the reception signal outputted from the reception
amplifier 40 1s omaitted.

In the voltage suppression circuit S0E shown in FIG. 8A,
the connecting relation between the bias unit 54 A and the
output bufler 35D 1s opposite to that 1n the voltage suppres-
sion circuit 50D shown in FIG. 7A. That 1s, 1in the voltage
suppression circuit S0E shown 1n FIG. 8 A, the output butler
55D 1s disposed 1n a post-stage of the voltage suppressor
53 A, and the bias unit 54 A 1s disposed 1n a post-stage of the
output bufler 55D. Since the circuit configuration and the
circuit operation other than the above have been described 1n
detaill with reference to FIG. 7A, detailed descriptions
thereol are not repeated.

The circuit operation as described above suppresses the
voltage magnitude such that the signal intensity of the
response signal from the RF tag 1s held within the demodu-
lation possible dynamic range as shown in FIG. 3. The
suppression characteristics of the reception voltage inputted
into the A/D conversion circuit 22 depend on the magnitude
of the forward voltage 1n the diodes 506, 507 of the voltage
suppressor 33A. For this reason, the diodes 506, 507 having,
appropriate forward voltage characteristics are selected 1n
accordance with the dynamic range of the A/D conversion
circuit 22, the reception gain of the reception amplifier 40,
the transmission gain of the transmission driver circuit 30,
and the like.

Further, employing the voltage suppression circuit S0E
shown 1n FIG. 8A can make the circuit configuration sim-
pler, thereby reducing the manufacturing cost.

FIG. 8B shows a circuit configuration of a voltage sup-
pression circuit S0E# added with the loss correction func-
tion. With reference to FIG. 8B, the voltage suppression
circuit S0E# 1s provided with a loss correction unmit 56 A 1n
the output stage of the voltage suppression circuit S0E

E
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shown 1n FIG. 8A. Since the circuit configuration and the
circuit operation of the loss correction unit 36 A have been
described 1n detail with reference to FIG. 4B, detailed
descriptions thereol are not repeated.

Providing the loss correction unit 56 A as thus described in
the output stage can compensate a loss (decrease in signal-
to-noise ratio) that occurs due to mounting of the function to
suppress a voltage. Therefore, even when the RF tag 1s

disposed 1n a position distant from the reader-writer 1, stable
communication can be established between the reader-writer

1 and the RF tag.

D. Verification Result

The present inventors have verified the effect of improve-
ment i communication stability of the reader-writer includ-
ing the voltage suppression circuit as described above. One
example of results of the verification 1s shown below.

FIG. 9 1s a diagram showing one example of the verifi-
cation results of the communication stability in the reader-
writer 1 according to the embodiment of the present inven-
tion. FIG. 9 shows results of investigating whether or not the
communication can be established by sequentially changing
the distance between the reader-writer 1 and the RF tag,
concerning the following three kinds of configurations: (A)
the voltage suppression circuit 50 1s not included (the output
of the reception amplifier 40 1s directly inputted into the RF
module 20; (B) the voltage suppression circuit S0A shown in
FIG. 4A 15 included; and (C) the voltage suppression circuit
50A%# shown m FIG. 4B 1s included.

As seen from the comparison between the result of the
FIG. 9(A) and the result of FIG. 9(B), even when the RF tag
1s disposed 1n the vicinity of the reader-writer 1, the voltage
of the reception signal (reception voltage) 1s suppressed, and
can thus be held within the demodulation possible dynamic
range. It 1s thereby found that the short-distance-side range
of the communicable area has been able to be expanded
while the long-distance-side range thereof 1s substantially
maintained.

Further, as shown 1 FIG. 9(C), employing the voltage
suppression circuit with the loss correction function enables
the long-distance-side range of the communicable area to be
substantially maintained as wide as that of the circuit
confliguration having no voltage suppression circuit.

As thus described, 1t has been verified that the commu-
nicable area can be expanded by employing the voltage
suppression circuit according to the present embodiment,
thereby leading to improvement 1n communication stability.

E. Other Embodiments

The circuit diagram using the circuit components has been
illustrated 1n each of FIGS. 4 to 8, but an arbitrary configu-
ration can be employed as a mode for mounting this circuit.
For example, the whole or part of the circuit may be
integrated, or may be mounted by a lead pattern formed on
a substrate. Further, the reception amplifier and the voltage
suppression circuit have been separately described for
explaiming the voltage suppression circuit, but the voltage
suppression circuit may be mounted 1n the circuit of the
reception amplifier.

When the gain switching circuit 60 sets the reception gain
of the reception amplifier 40 (FIG. 1) on either side, the
foregoing voltage suppression circuit 50 functions. How-
ever, since the range of the reception voltage outputted from
the reception amplifier 40 changes due to the change in
reception gain, the suppression characteristics (values of the
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set upper and lower limits of the amplitude) may be switched
in accordance with the above change 1n range.

F. Advantage

As described above, 1n the reader-writer 1 of the present
embodiment, the intensity of the signal 1s suppressed so as
not to exceed the predetermined upper limit, the signal
having been amplified by the reception amplifier 40 and
being mnputted into the A/D conversion circuit 22 (detector)
of the RF module 20. It 1s thereby possible to hold the
reception voltage within the demodulation possible dynamic
range even when the distance between the reader-writer 1
and the RF tag 1s short. Accordingly, the installation margin
of the reader-writer (the communicable distance to the RF
tag (the communicable area range)) can be increased, to
improve the communication stability.

Further, according to the present embodiment, since there
1s no need for switching the reception gain i1n accordance
with the distance between the reader-writer 1 and the RF tag,
it 1s possible to expand the communicable range without
increasing the time required for the communication.

The embodiments disclosed herein are illustrative in all
aspects and should not be considered as restrictive. It 1s
intended that the scope of the present mvention i1s defined
not by the above descriptions but by the claims, and includes
meanings equivalent to the scope of the claims and all
modifications within the scope.

The mvention claimed 1s:

1. A communication device, comprising:

a terminal electrically connected with an antenna;

a transmitter electrically connected with the terminal, and
configured to generate a {irst radio signal superimposed
with a predetermined command signal and transmait the
generated first radio signal from the antenna;

an amplifier electrically connected with the terminal and
configured to receive from the antenna a second radio
signal generated by a Radio Frequency (RF) tag recerv-
ing the first radio signal;

a detector configured to detect intensity of an amplified
signal of the second radio signal having been amplified
by the amplifier; and

a suppressor configured to suppress the intensity of the
amplified signal to be inputted into the detector such
that the intensity of the amplified signal does not
exceed a predetermined upper limit, wherein

the suppressor extracts an alternating current (AC) com-
ponent contained in the amplified signal and sets an
upper limit and a lower limit of an amplitude of the
amplified signal.

2. The communication device according to claim 1,
wherein the suppressor includes a pair of diodes connected
in different directions from each other.

3. The communication device according to claim 1,
wherein the suppressor includes a first builer configured to
amplily the signal before extracting the AC component.

4. The communication device according to claim 1,
wherein, after setting the upper and lower limits of the
amplitude, the suppressor adds a direct current (DC) com-
ponent to the signal and outputs the signal to the detector.

5. The communication device according to claim 1,
wherein the suppressor includes a second bufler provided in
an output stage to the detector.

6. The communication device according to claim 1,
wherein the suppressor includes a circuit configured to
compensate a loss that occurs due to signal suppression.
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7. The communication device according to claim 5,
wherein the second bufler comprises a dual power supply
amplifier.

8. The communication device according to claim 3,
wherein the second buller comprises an amplifier including,
a transistor having an emitter thereof grounded.

9. The communication device according to claim 1, fur-
ther comprising a processor coupled to at least some of the
terminal, the transmitter, the amplifier, the detector, and the
suppressor, the processor executing a program to perform
operations to control the at least some of the terminal, the
transmitter, the amplifier, the detector, and the suppressor to
perform operations.

10. The communication device according to claim 9,
wherein the processor comprises an Application Specific

Integrated Circuit (ASIC).

11. The communication device according to claim 9,
turther comprising a gain switching circuit coupled to the
amplifier, wherein upon reception of an 1nternal command
from the processor, the gain switching circuit changes the
reception gain of the amplifier.

12. The communication device according to claim 11,
wherein upon reception of the internal command from the
processor, the gain switching circuit switches a gain of the
amplifier between one of two gain stages.
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13. The communication device according to claim 12,
wherein the two gains stages comprise a short distance gain
mode and a long distance gain mode.

14. The commumcation device according to claim 11,
wherein when the gain switching circuit changes the recep-
tion gain of the amplifier, suppression characteristics of the
suppressor are accordingly changed.

15. The communication device according to claim 1,
wherein a frequency of at least the first radio signal 1s set as
appropriate 1 accordance with a reachable distance to the
RE tag.

16. The communication device according to claim 135,
wherein the frequency comprises a frequency specified in
the ISO/IEC (International Organization for Standardiza-
tion/International Electrotechnical Commission) standard
for RFID tag communication.

17. The communication device according to claim 13,
wherein the frequency comprises at least one of: 134.2 kHz,
530 kHz, 13.56 MHz, and 920 MHz.

18. The communication device according to claim 1,
wherein the detector comprises an Analog to Digital (A/D)
conversion circuit that quantizes the amplified signal of the
second radio signal to generate a digital signal.

19. The communication device according to claim 1,
wherein at least the suppressor 1s mounted 1n a circuit of the

amplifier.
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